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EXECUTIVE SUMMARY

ADVANCE [Advanced Driver and Vehicle Advisory Navigation ConcEpt] was a public/private
partnership conceived and developed by four founding parties. The founding parties include the
Federal Highway Administration (FHWA), the Illinois Department of Transportation (IDOT), the
University of Illinois at Chicago and Northwestern University operating together under the auspices
of the Illinois Universities Transportation Research Consortium (IUTRC), and Motorola, Inc. The
major responsibilities of each party are fully described in the Project agreement. Subsequently,
these four were joined on the Steering Committee by the American Automobile Association (AAA).
This unique blending of public sector, private sector and university interests, augmented by more
than two dozen other private sector participants, provided a strong set of resources for ADVANCE.

The ADVANCE test area covered over 300 square milesincluding portions of the City of Chicago
and 40 northwest suburban communities. The Project encompasses the high growth areas adjacent
to O’ Hare International Airport, the Schaumburg/Hoffman Estates office and retail complexes, and
the Lake-Cook Road development corridor. It also includes major sports and entertainment
complexes such as the Arlington International Racecourse and the Rosemont Horizon. The
population in the areais more than 750,000.

The system architecture of ADVANCE incorporates several key concepts: distributed intelligence
(al route planning is performed in the vehicle); a hierarchical road network database (for higher
performance in all map-related functions); vehicles as traffic probes (for accumulating real-time
information); open (non-proprietary) radio frequency (RF) data communications protocol; and
driver interface. The system had four (4) subsystems, namely the Traffic Information Center (TIC)
which contains the central processing facility and operator interface; the Traffic Related Functions
(TRF) which contains the traffic algorithms, which typically coexist with TIC software on the TIC
central computer; the Mobile Navigation Assistant (MNA) which contains invehicle route planning
and display capabilities; and the Communications subsystem (COM) which provides message
carrying capability between the TIC and the MNA. The TIC and the TRF were the direct
responsibility of the Universities, while the MNA and the COM were the responsibility of Motorola.

The ADVANCE Project’s primary role in advancing Intelligent Transportation Systems (ITS)
technology was the operational test of the use of probe vehicles for rea-time traffic information on
an arterial and expressway network. It included the development and implementation of techniques
to fuse data from such diverse sources as probe vehicles, fixed detectors and anecdotal reports to
provide dynamic route guidance information to drivers. The vehicles, equipped with the navigation
equipment, served as roving traffic probes which the vehicles reported travel times for the road links
traversed within the test area. This information was automatically prepared by on-board equipment
and transmitted over a radio frequency data network to the Traffic Information Center (TIC).

Insights & Achievements Compendium
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Closed loop traffic signal detectors and expressway detectors aso provided volume and occupancy
information at regular intervals which the TI1C automatically fused with other data to detect incidents
and congestion.

Issues of technology, liability, intellectual and property rights, project management styles, and
desired project outcomes routinely arose and were resolved during the ADVANCE Project. This
compendium summarizes tine ADVANCE experience, including obstacles encountered and methods
used to overcome them in the development, implementation and deployment of the ADVANCE
system. Participants have agreed that the overall experience was challenging and productive: a
positive as well as a pioneering example of public/private partnerships to develop state-of-the-art
transportation systems.

The purpose of the Insights & Achievements Compendium is to develop a summary of lessons
learned from ADVANCE which could be applicable to other project deployments and operational

tests. It is an attempt to try to answer the questions: “If you had to do it over again, what would you
do differently? What would you do the same? What have you learned that you think would be
useful to others?” A brief summary of each Insights and Achievements paper is presented below.

Contractual and Management Challenges

The ADVANCE Project is a prime example of a public-private partnership. Such partnerships seek
to combine the capabilities and benefits of public agencies and private organizations, both for-profit
and not-for-profit, in advancing their jointly-held and individual objectives. The ADVANCE
Operational Test was, at its inception, proposed to be the largest field test of dynamic route
guidance in the United States, The scope of the test and the public-private nature of ADVANCE was
achallenge to the normal contracting and operating procedures of al participants. This paper covers
the development of the ADVANCE concept as well as the contractual arrangements used in the

project. It provides insights on the unique nature of ADVANCE and the methods used to manage
the project.

Development of the RF Subsystem

The development of the RF subsystem for ADVANCE met the challenges of matching existing
communications technology with new concepts from the ITS arena. Providing two-way wireless
communications between mobile users and the Traffic Information Center (TIC) meant that a variety
of options could be used. The intent to focus on proven technology narrowed the field, however
new approaches within the ITS world were also explored. Once the desired option was selected, the
challenges lying within it presented unanticipated problems that needed reasonable solutions for al
related subtasks to proceed. The ADVANCE experience is expected to offer valuable insight to

Insights & Achievements Compendium
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future developers of RF communications for ITS applications. This report documents the
development of the ADVANCE RF subsystem, the alternatives and subsequent challenges
encountered, and the lessons |earned.

Svstem Integration Challenges

This paper focuses on the integration aspects of theADVANCE system. The majority of the findings
relate to how the system integration team was abl e to increase communication between the system
and subsystems and component designers, developers and integrators. Also, discussed is the
importance of communication within each organization and the need to remain open and accessible
with respect to transfers of information. The findings also emphasize the need for thorough
documentation to be developed at each stage of the project. To ease the burden on the integration
process, the use of releases is a very effective concept. However, in order for it to function
properly, work must remain on schedule. The findings relate the difficulties in managing
subsystems at different release levels and the need for thorough testing by designers and developers
prior to releasing subsystems to integrators.

Field Data Collection Activities

This paper documents how the evaluators and other parties integrally involved with the ADVANCE
Targeted Deployment implemented and maintained an evaluation data collection effort consistent
with plan specifications, despite encountering numerous obstacles during the testing period.
Because of the extremely tight time frame in which the various ADVANCE tests could be conducted,
it was imperative that the means and procedures established for data collection be as free from delay
and deviation as possible. The report describes these means and procedures, both those adopted
from the beginning and those for which necessity arose as tests progressed. It highlights methods
which worked especially well and those which were found to be in need of adjustment, and aso
discusses the workability of those adjustments.

Technical Challenges

In developing ADVANCE both as awhole and each of its various subsystems, the state of the art
of the various technologies was reached. In addition, ADVANCE was devel oped using a series of

releases with each new release adding additional functionality to the previous one. Thus, each new
release of a subsystem had to perform its intended purpose and continue to work with the other
subsystems. Complicating this process, was that the development was done by a variety of
personnel, from different corporate backgrounds operating in distinct, separated geographical sites.
The result was to create numerous technical challenges in developing ADVANCE. This report
documents the technical challenges in developing ADVANCE by noting what they were, what their

Insights & Achievements Compendium
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impact was and how the challenges were met and overcome. Readers specificaly interested in
lessons learned on the RF communi cations system as well as the TRF algorithms should read the
respective reports.

Edtimating Environmental Effects

This paper is intended to link some of the specific test experiences with the existing literatureon ITS
effects. It thereby draws inferences how driver behavior under an ADVANCE type of ATIS
deployment is likely to affect the vehicular emission results of such deployment and, by extension,
of other ATIS concepts. Because the future availability of navigational aids and real-time traffic
information (i.e., ATIS without advanced traffic management) is far more likely to be determined
by private vendor/developer initiative and investment than by major public works projects, the
direct benefits of these ATIS concepts may be limited to the individual motorists who purchase such
services. In fact, estimation of the overall distribution of benefits and disbenefits among users and
non-users is a multi-layered and complex process. This paper also addresses the issue of whether
the direct benefits to such a comparative minority of motorists, those equipped with real-time ATIS
capability such as dynamic route guidance, can in any consistent way generate environmental
benefits for everyone in the airshed, motorists and non-motorists alike.

Recruitment of Volunteer Drivers

A key element of the field test was providing ADVANCE in-vehicle systems for use by volunteer

drivers in their routine, local trip-making. A major chalenge in the implementation of this test
was recruiting volunteer drivers to utilize the system. The ADVANCE recruitment effort was

designed to fill this need, to attract, select, and train sufficient drivers to meet test quotas. The
sample of drivers needed to meet certain research and risk management criteria, to be of sufficient
size, and, since ADVANCE was partially publicly-funded and thus subject to public scrutiny, to

be the result of an unbiased process. The recruitment effort was originally designed to meet a
guota of drivers from 3,000-5,000 households using their own vehicles for periods up to two
years. This presented a large and complex recruiting challenge. Ultimately, ADVANCE adopted

a Targeted Deployment scheme, under which approximately 80 households used the test vehicles.

Still, many elements of the original recruitment process design were utilized under the Targeted
Deployment. This effectively became a large prototype test of the original recruitmentplans. As
such, the resulting experience offers useful guidelines for the design of future Intelligent
Transportation Systems (ITS) field tests using volunteer drivers.

insights & Achievements Compendium
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Probes and Detectors

The main purpose of thiswhite paper isto detail ADVANCE's experience with probe and detector
traffic data reports. This discussion addresses the effectiveness of design decisions and the
performance of both probes and detectors in the context of both the ADVANCE operationa test and
ATIS systemsin general. The purpose of both probes and detectors is to gather information about
prevailing traffic conditions on aroadway link in order to provide route guidance to vehicles which
have the necessary on-board equipment. The key information required by vehicles is link travel
time. Therefore, this report is mainly confined to the problem of estimating link travel times from
probe and detector reports.

| nstitutional Issues

This paper emphasizes specific institutional issues encountered and resolved in the performance of
the ADVANCE operationa test. The magor ingtitutional issues for ADVANCE related to the

progression of an Intelligent Transportation System (ITS) technological development effort from
concept to reality. At times, the institutional issues encountered in ADVANCE caused minor delays

in the Project because they caused uncertainty in completing administrative responsibilities
according to schedule. However, despite these obstacles, the Parties made the commitment to work
together to satisfactorily complete the goals and objectives established for the Project. Equally
important, the institutional issues identified and resolved in ADVANCE will serve as valuable
lessons for future ITS projects.

Imnlementation of Algorithms

Development and implementation of new traffic analysis algorithms in a real world application
environment with afixed time schedule requires coordination and collaboration among algorithm
developers, implementation programmers, developers and installers of the technology to be used for
data collection and communication and the operators of the implemented system. Effective
management of this process requires a carefully structured work program which includes adequate
time for completion of all required tasks and which recognizes interdependencies among tasks. This
work program must be flexible enough to respond to changes inherent in the development of
technology or algorithms. This paper describes the procedures undertaken to maintain coordination
among developers, program implementors and operators and describes implementation problems
which arose and their treatment. 1t also describes the use of simulation datafor initial devel opment
and highlights the importance of field data for fina refinement and validation.

Insights & Achievements Compendium
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Targeted Deployment

This paper examines the issues and options considered in the decision to redirect the originally
planned deployment of 3,000 in-vehicle dynamic route guidance systems to a deployment of less
than 100 units as part of the Targeted Deployment. Market conditions and available technology
changed since ADVANCE first was proposed. Technologies for vehicle navigation systems took
longer to develop and implement than originally thought. The availability of other commercia in-
vehicle navigation systems anticipated at the project inception also lagged. It was the consensus of
the ADVANCE Steering Committee that commercially available systems using dynamic information
were still some time away from being available in the U.S. market place and aso that the platform
established for ADVANCE was likely not to be a commercially viable option. It was therefore
decided that the Targeted Deployment would best serve the needs of the project partners and the ITS
industry asawhole. It was believed that a significant portion of the original goals and objectives
could be met under a Targeted Deployment. This option allowed for limited testing of an in-vehicle
dynamic route guidance system at a significantly lower budget. It expedited the sharing of state-of-
the-practice results associated with the operational test. The ADVANCE success in achieving almost
every one of its original goals and the wealth of data collected in this more limited effort are
enumerated as a testament to the decision to implement the Targeted Deployment.

Safety

This paper addresses the issues related to collecting and analyzing data which are used to draw
conclusions related to the relative safety of the ADVANCE MNA device. It provides insights into

how driving performance, driving safety and driver’s perceptions of safety vary as a function of
driver age, driver experience with the MNA and the method of navigation (paper map, typed list,

MNA with voice, MNA without voice.) The chief method of evaluating driver safety in this study
utilized a hazard analysis technique. This technique is valuable when applied to situations where
the amount of testing time available is not sufficient to reliably identify relatively low frequency
events such as automobile accidents. Surrogates to safety such as driver errors and near misses are
identified and used to make estimations of the relative frequency, and potential severity, of accidents
that might occur with large exposure deployment. The paper provides insights into the strengths
and weaknesses of video and digital gathering equipment, data management practices, blind data
analysis techniques, etc. An exploration of the consistencies between this and similar studies
(TravTek Camera Car, June 1995) is included.

Insights & Achievements Compendium
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1.0 INTRODUCTION

1.1 Acronyms and Definitions

For a complete listing of acronyms, definitions and abbreviations refer to Appendix A of the
ADVANCE System Definition Document, #8020.ADV.06. To aid in reading this report, several of
the more common terms are defined below. '

AAA-CMC - American Automobile Association - Chicago Motor Club.

ADVANCE - Advanced Driver and Vehicle Advisory Navigation ConcEpt

ANL Argonne National Laboratory. ANL wasEvaluationManager forthe ADVANCE Project.

ATIS - Advanced Traveler Information System

CATS - Chicago Area Transportation Study, the metropolitan planning organization for the Chicago
area.

Celular *999- Motorist information and retrieval service operated by the Illinois State Toll
Highway Authority to obtain traffic incident information from motorists with cellular phones.

COM - RF Communications subsystem of ADVANCE.
Differential GPS - A correction applied to GPS positioning to improve accuracy.
ETC - Electronic Toll Collection

EHWA - Federal Highway Administration. FHWA is responsible for one of the founding Parties.
the overall evaluation of the ADVANCE Project.

GPS- Global Positioning System, a government-owned system of 24 earth-orbiting satellites that
transmit data to ground-based receivers. GPS provides extremely accurate latitude and longitude
ground position in WGS-84 coordinates. However, for U.S. strategic defense reasons, deliberate
error(called selective availability) isintroduced into the code that is provided for civilian users.

IDOT - Illinois Department of Transportation. IDOT is responsible for One of the founding Parties.
for providing project management for ADVANCE and for operating the TIC.

Insights & Achievements Compendium
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ITS - Intelligent Transportation Systems.

IUTRC - Illlinois Universities Transportation Research Consortium. One of the following parties
IUTRC isanon-profit corporation owned by Northwestern University, the University of lllinois at
Chicago, the University of Illinois at Urbana-Champaign, and the Illinois Ingtitute of Technology.

Link - A pair of adjacent segments and its associated data within a given network layer. A link

consists of the portion of road from the detected beginning of a segment to the detected beginning
of one of its successor segments.

Memory Cards - A plug-in computer memory card containing prerecorded information. May
function as mass storage for onboard navigation systems.

MNA - Mobile Navigation Assistant. An in-vehicle navigation system designed and built by
Motorola that determines vehicle position, performs route planning based on current traffic
information, and provides dynamic route guidance information to the driver.

NUTC - Northwestern University Transportation Center. Northwestern University is a member of
the IUTRC.

NWCD - NorthWest Central Dispatch, an emergency dispatch service for several of the
communities in the ADVANCE test area.

Motorola - One of the founding Parties. Motorola is providing the in-vehicle system as well asthe
RF communications systems.

RF - Radio Frequency.

Segment ID - A unique ID that identifies each roadway segment. The ID consists of twenty-three
(23) bits as assigned by Navigation Technologies, the map database provider.

SSI - Surface Systems Incorporated, a provider of inroad and roadside weather sensors.

Static Profile - Static information of the roadway link including day type, link 1D and average travel
times for a specific time period.

TAC - Technical Advisory Committee. Responsible to the Steering Committee for making
recommendations on system design and system direction.

Insights & Achievements Compendium
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TIC - Traffic Information Center. The TIC consists of the hardware, software, and operations
personnel in a centralized facility. It communicates to and receives information from probes and
external systems.

Travel Time - Thetime it takes to travel from one end of alink to the other.

TSC - Traffic Systems Center. Operated by IDOT to monitor and control the flow of traffic on
expressways within the Chicago area.

UIC - Idniversity of Illinois at Chicago. UIC is a member of the IUTRC.

UIC-EECS - University of Illinois at Chicago, Department of Electrical Engineering and Computer
Science. Responsible for the development of the TIC and coding of the TRF algorithms.

More specific terms are provided at the beginning of each Insights and Achievements paper.

12 Authors

The authors of the Insights and Achievements Papers were directly involved in the development and
deployment of ADVANCE. They represent the main designers, developers, integrators and
evaluators of ADVANCE and its subsystems. Respective authors are introduced in the beginning
of each Insights and Achievements paper.

1.3 Intended Audience

The Insights and Perspectives Compendium is intended to provide useful information to project
managers, system developers, and system integrators of future similar ITS implementations. It is
intended for those that are technically interested in the ADVANCE Project and have a basic
understanding of the project.

14 References

The following documents provide more detailed information on the ADVANCE Project:

. Godls & Objectives Document, #8010.ADV.04

¢ System Definition Document, #8020.ADV.06-2.0
. Requirement Specifications, #8100.ADV.05-2.0

« Interface Control Specification, #8110.ADV.05-2.0
. Project Management Plan, #8200.ADV. 10
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. Veification & Validation Program Plan, #8300.ADV.06
. Integration Program Plan, #8320.ADV.04

. Subsystem Integration Test Plan, #8330.ADV.03

. System Integration Test Plan, #8340.ADV.03

. Evaluation Program Plan, #8400.ADV .04

e Evaluation Management Plan, #8450.ADV.00

. Evaluation Managers Report, #8460.ADV.00

. Genera & Detail Design Document, #8500& 8600.ADV .01
. TIC Console Operator’s User Manual, #8700-3.2

. TIC Policies & Procedures Manual, #8750.01

¢ MNA Operations Manual, #3800

All of the above documents and other related, non-proprietary information are available on the
Internet at the following address:

http://ais.its-program.anl.gov/

15 Report Organization

This report is organized as follows. Section 1 presents an introduction to the report, including
acronyms and definitions, authors, intended audience, references and report organization. Section
2 presents the background of ADVANCE including project history, participants, technical
components and test area.  Section 3 outlines the overal evaluation program for ADVANCE
including the evaluation roles and responsibilities of the participants. Section 4 summarizes the
contents of each Insights and Achievements paper. Section 5 incorporates the highlights of each
individual paper into the overall findings of the ADVANCE Project. Finally, a complete copy of
each paper isincluded in the Appendices of the Compendium.
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2.0 BACKGROUND
2.1 The ADVANCE System

ADVANCE was a joint public-private venture involving the Federal Highway Administration
(FHWA), the lllinois Department of Transportation (IDOT), Motorola, the Illinois Universities
Transportation Research Consortium (IUTRC) which includes Northwestern University and the
University of Illinois at Chicago, and the American Automobile Association (AAA) in cooperation
with local governments and public agencies. ADVANCE was a field operational test of dynamic
route guidance using vehicle probes as the prime source of real timeinformation. The test measured
road network performance, monitored vehicle locations, detected incidents and produced driver
guidance information in the context of a suburban arterial network. The vehicles, equipped with
the navigation equipment, served as roving traffic probes. As probes, the vehicles reported travel
times for the road links traversed within the test area. This information was automatically processed
by on-board equipment and transmitted over the RF data network to the Traffic Information Center
(TIC). Additionally, closed loop traffic signal detectors and expressway detectors provided volume
and occupancy information at regular intervals which the TIC automatically fused with other data
to detect incidents and congestion. Anecdotal reports of incidents were also relayed (either in voice
or electronic form) to the TIC.

The first concepts of ADVANCE were developed beginning in 1989. The July 9, 1991 IVHS
Agreement for the ADVANCE Project established the mutually agreeable terms to design, develop,
implement and evaluate ADVANCE. The initial plan was to install up to three thousand in-vehicle
units for aperiod of up to two years. The realization of the Targeted Deployment, see Section 2.3,
saw the installation of approximately 75 in-vehicle units durirg,1994 and early 1995. Evaluation
data collection followed and was compl eted by the end of 1995. System analysis, evauation and
documentation was performed throughout 1996.

The basic concept of ADVANCE was as follows:
The ADVANCE vehicles had installed equipment that was capable of determining the
vehicle location, selecting the “best” route to the driver’s destination, and providing route

guidance instructions to the driver.

Actual travel times were determined by these probe vehicles as they traversed the test
area and this information was transmitted over aradio system to the TIC.

Insights & Achievements Compendium
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e TheTIC collected real-time traffic information from the vehicles and other data sources,
and processed it through incident detection and travel time prediction algorithms. It then
transmitted revised estimates of travel times to the probe vehicles.

e The on-board vehicle equipment determined if the revised traffic information affected
the current route. If there was an impact, the driver was presented with a better route to
select in order to avoid the traffic incident or congestion.

e Asthe ADVANCE probe vehicles collected additional information, the updated travel
times were used to improve the body of knowledge for travel conditions in the test area.

As the lead public sector Party in the ADVANCE area, IDOT had responsibility for project

management. In carrying out its responsibilities, IDOT contracted with De Leuw, Cather &
Company to provide system engineering services and system integration functions for the project.
De Leuw, Cather & Company was assisted by Castle Rock Consultants and the IBI Group. The
American Automobile Association provided insights on the recruitment and training of volunteer
drivers, designed a Help Center for system users, and provided motorist aid services throughout the
project. The IUTRC was responsible for development of the Traffic Information Center. Motorola
developed the invehicle hardware and software, and provided the Communications equipment. The
FHWA, through a contract with Argonne National Laboratory, was responsible for project
evaluation.

The ADVANCE System had four major subsystems:

The Mobile Navigation Assistant (MNA) determined the vehicle position and provided the
route planning and guidance information to the driver. It also prepared the travel time
messages for transmission to the TIC. The MNA was an in-vehicle unit. Motorola was
responsible for design and installation of the in-vehicle equipment (global positioning
satellite receiver, navigation system, route planner, CD-ROM-based map database, and user
interface display head).

The Traffic Information Center (TIC) provided the central computer facilities, the
repository of ADVANCE information, and communication interfaces with the other
processes and external entities. It also provided the console system which contained the
operator interface to the TIC. IUTRC was assigned responsibility for procuring the
hardware and developing software for the TIC.

The RF Communications Network (COM) provided two-way radio communications
between the TIC and the MNAS in the probe vehicles. This RF network supported the data
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communication requirements of the MNA and the TIC. Motorola was responsible for
providing the RF communications equipment for transmitting messages between the TI1C and
equipped vehicles.

Traffic Related Functions (TRF) resided on-line in the central computer facilities of the
TIC and off-line in other computers. This process performed the data fusion, Static Profile
generation, incident detection and travel time predictions for the roadwaysin the test area.
Abnormal travel situations were identified for broadcast to the probe vehicles so that the
MNAS dynamic route guidance system had current information available. The Static
Profiles were generated off-line. The updated Static Profiles were then stored in the static
database in the TIC and on the CD in the vehicle. IUTRC developed and implemented the
algorithms that flagged incidents in the network and generated travel time predictions for
transmission to the probe-equipped vehicles.

Figure 2-1, ADVANCE Context Diagram, depicts ADVANCE and the external entities that interfaced
with ADVANCE. ADVANCE received information from, and distributed information to a variety
of externa sources. Incoming and outgoing information is represented by data flows.

Starting with the central ADVANCE System, then continuing counterclockwise, the external entities
and the type of information exchanged were:

ADVANCE: The central circle represents the ADVANCE system.
Continuing from the lower right hand corner:

TIC Console Operator: TIC operators monitored the system, handled non-electronic incoming
data from anecdotal sources, and provided the necessary input for incident detection. Otherwise,
the TIC was designed to primarily operate without the intervention of an operator. IDOT assumed
responsibility for operation of the TIC.

Driver: These were people that ADVANCE was directly serving. The drivers of the ADVANCE
probe vehicles interacted with the system through the MNA’s man-machine interface.

Vehicle: The vehicles used for ADVANCE included approximately 75 private, project, and public
vehicles for the Targeted Deployment phase. These vehicles provided the platform for mounting
the mobile navigation equipment and also functioned as probes. Eight automobile manufacturers
(Ford, General Motors, Honda, Mercedes, Peugeot, Saab, Toyota, and Volvo) donated vehicles for
project use.
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Figure 2-1 - ADVANCE Context Diagram

GPS: A Global Positioning System (GPS) was used by the MNA as an aid in determining the
location of each probe vehicle (by providing an approximate position to the MNAs map matching
and dead reckoning system.) A differential correction was also used to place vehicle locations
within 15 meters. Note that GPS was not the primary method of determining position and that the
MNA's vehicle positioning system was normally capable of determining an accurate position

without GPS.
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Closed Loop Signal Systems. The TIC received information from closed loop signal systems

installed in the test area. This data was incorporated into the data fusion process to assess travel
conditions and detect incidents. It was aso used to evaluate and validate travel time data received
from probe vehicles. The interface was automated with incoming data being transmitted every five
(5) minutes. Traffic volumes and occupancies were transmitted.

IDOT Communications Center: Roadway maintenance and construction information from he
Communications Center was forwarded to the TIC via fax. The information was entered by
operators into the system. This information was used in the data fusion process for incident
detection and travel time prediction.

IDOT Traffic System Center: Expressway congestion information from the IDOT Traffic
Systems Center (TSC) was used in the data fusion process for incident detection and travel time
prediction. Information received from the TSC did not require an operator interface.

Northwest Central Dispatch (NWCD): An emergency dispatch service for several of the
communitiesin the ADVANCE test area. Once received at the TIC, NWCD information was entered
manually by the TIC operators.

Other Anecdotal Sources. This anecdotal information aided the data fusion process in identifying
incidents and predicting travel times and conditions on the roadways. Information was received via
fax and telephone and was entered into the system by an operator.

Weather Stations Weather information, received from a remote weather station and roadway
sensors, was displayed within the TIC.

Historical Databases. The ADVANCE system had a static profile database residing on the TIC.
This database contained historical network travel times by roadway links to serve as a base with
which to compare real-time information for incident detection and travel time prediction. The initial
link travel time estimates were developed by combining estimates from a network flow model, an
estimation of the origin-destination matrix, and a modified version of the network configuration
provided by the Chicago Area Transportation Study (CATS). Specialized software was then used
to generate the initial static profile database. The static profile database was updated periodically

to reflect the latest travel conditions. The new static profile was placed in the MNAs and TIC with
each update.

Navigation & Route Guidance Road Network Data: A complete electronic media database of
the road network, provided by Navigation Technologies, served as the road network database. This
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included location coordinates, travel directions, road classification, regulations, and other related
information affecting route planning and route guidance.

2.2 Test Area

ADVANCE was implemented in an area covering more than three hundred (300) square milesin the
northwest suburbs of Chicago. Approximately seven hundred and fifty thousand (750,000) people
lived in the area during the test. This area was typical of modern suburban developments and had
significant traffic congestion problems. Typical journey times were of sufficient duration to make
route changes an option to drivers. The road network in the area offered numerous aternatives for
most trips. Figure 2-1, ADVANCE Test Area Map, presents the project test area and its boundaries.

Test Area Boundary

Figure2-1 ADVANCE Test Area Map
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The boundaries are defined as follows:

» The eastern boundary was IL-43 from the intersection with Irving Park Road at the
southeast corner to the intersection with Deerfield Road at the northeast corner.

e The northern boundary included Deerfield Road from IL-43 to IL-21 (Milwaukee Ave.);
Milwaukee Avenue from Deerfield Road to Aptakisic Road; Aptakisic Road from
Milwaukee Avenue to IL-83; I1L-83 from Aptakisic Road to Robert Parker Coffin Road,;
Robert Parker Coffin Road to McHenry Road; McHenry Road from Robert Parker
Coffin Road to Cuba Road; Cuba Road from McHenry Road to Quentin Road; Quentin
Road from Cuba Road to the north, down to Cuba Road again; Cuba Road from Quentin
Road to IL-59.

e The western boundary included IL-59 from Cuba Road to IL-72; IL-72 from IL-59 to
Beverly Road; Beverly Road from IL-72 to Shoe Factory Road; Shoe Factory Road from
Beverly Road to Barrington Road; Barrington Road from Beverly Road to US-20.

« The southern boundary included US-20 from Barrington Road to Bartels Road; Bartels
Road from US-20 to Central Avenue; Central Avenue from Bartels Road to Roselle
Road; Roselle Road from Central Avenue to 1L-19 (Irving Park Road); Irving Park Road
from Roselle Road to IL-43.

2.3  Targeted Deployment

As ADVANCE developed, the Public/Private Partners learned much about the technologies involved.
ADVANCE aso witnessed evolution in technology and market conditions. When ADVANCE
reached the important stage between system devel opment and deployment, prior to installation of
in-vehicle units, the public and private entities involved with ADVANCE reviewed the original scope
and goals of the project.

Market conditions and available technology had changed since ADVANCE first was proposed.
Market conditions which were anticipated to support a large scale implementation of in-vehicle
navigation systems did not occur as quickly as anticipated. This was apparently due to a number
of factors including an inability to provide a system at a price which would be attractive.
Technologies for vehicle navigation systems took longer to develop and implement than originally
thought. The availability of in-vehicle navigation systems anticipated at the project inception also
lagged. In any case, it was the consensus of the ADVANCE Steering Committee that commercially
available systems using dynamic information were still some time away from being available in the
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U.S. market place and aso that the communications platform established for ADVANCE was likely
not to be a commercially viable option.

Given the changes described above, the ADVANCE Steering Committee requested a review of the
deployment options. The review included the impact of deployment options on the goals of the
Project. Three options were reviewed in detail:

e Controlled Wrapup - This involved stopping al further development on ADVANCE and
documenting the resultsdesign to date. This option was deleted from consideration as it was
believed by all Parties involved that there were till significant findings to be made by
continuing with ADVANCE at minimal additional cost.

» Targeted Deployment - This option involved a reduction in the level of development with
alimited deployment of vehicles. Approximately thirty project test vehicles would be used
with testing being done by project staff, paid drivers and some previously recruited drivers.
No in-vehicle units would be installed in private vehicles. Testing would occur over a seven
month period with all testing completed by the end of December 1995. A project evaluation
would be performed based on a revised set of goas and objectives. The total number of
vehiclesinvolved in supplying probe reports would approach seventy-five.

» Full Deployment - ADVANCE would continue on its planned path with further devel opment
being done on all subsystems. The final release schedule would have been maintained and
up to three thousand in-vehicle units would have been installed for a period of up to two
years. A full evaluation would have been done with project testing and data collection
completed by early 1998. The analysis of data and evaluation report would be completed by
December 1999. The significant funding requirements, the complexities involved and the
lack of an obvious transition to a wider area of deployment were examined.

An analysis of these options was performed by the Project Team and the Technical Advisory
Committee. The recommendation was that the Targeted Deployment option would best serve the
needs of the project partners and the ITS industry as a whole. It was believed that a significant
portion of the origina goals and objectives could be met under a Targeted Deployment. This option
still allowed for testing of an in-vehicle dynamic route guidance system at a significantly lower
budget. Further, it expedited the sharing,of state-of-the-practice results associated with the
operational test. The Targeted Deployment was realized with the finalization of the configuration
and integration of the four subsystems in late spring of 1995.
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3.0 OVERALL EVALUATION PROGRAM

Deployment of new ITS technology demands verification that the purposes of the deployment have
been achieved and that results of development and deployment have been commensurate with
resources expended. The original planning for the ADVANCE deployment called for compilation
of alarge evaluation database throughout the expected three-year project lifetime. Thiswould have
provided the basis for broadly informative and reliable tests of the various features of the project’s
systems and subsystems with respect to their capability to perform their stipulated missions.

With the Targeted Deployment, plans for assembling an evaluation database changed only in scope.
Although sample sizes and the number of data points were significantly diminished, it was still
possible to collect adequate data to inform others about expected performance of and user response
to smilar system deployments. This philosophy motivated the developers of the ADVANCE
evaluation plan, in concert with the evaluators, to devote considerable attention to defining the
objectives and resources necessary to conduct useful tests, then to deriving a feasible schedule under
known time constraints for conducting all needed activities in the field and at the TIC itself. As
applicable, the evaluation test plans that were ultimately prepared identified:

1) thedatato be collected and the procedure for its collection,

2) the hypotheses about system performance to be tested using these data,

3) the chronological window(s) (calendar dates) during which data would be collected, and
4) the resources required to perform the tests.

Upon finalization of these plans, it was found that the test schedule included virtually no slack with
respect to any of the resource alocations if there was to be any hope of completing all tests prior
to the scheduled complete de-installation of the in-vehicle navigation units by the end of the
calendar year. Evaluation testing of the subsystems commenced in June 1995 and terminated in
December 1995.

31  Organizational Structure

The Federal Highway Administration (FHWA) was responsible for evaluation, including preparation
and implementation of an evaluation plan. In April, 1995, the FHWA requested that Booz* Allen
& Hamilton (Booz.Allen) assume responsibilities as the Evaluation Manager for the ADVANCE
Targeted Deployment, until Argonne National Laboratory (ANL) could be brought under contract.
Booz*Allen personnel examined the system design and conducted interviews with the ADVANCE
project Partiesin order to assess the revised project goals with respect to National IVHS Program
goals, Illinois Department of Transportation (IDOT) requirements, and other ADVANCE: Parties

interests. Booz.Allen worked with the Northwestern University Transportation Center (NUTC)
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the University of Illinoisat Chicago Urban Transportation Center (UICA-JTC) and De Leuw, Cather
& Company to develop evaluation test plans. Additionally, they documented the evaluation roles
and responsibilities for the ADVANCE Parties. The University of lowa was also engaged through
Science Applications International Corporation (SAIC) to perform a safety evaluation of the MNA.

The following roles and responsibilities were identified in order to maintain continuity in the
evaluation process and keep the evaluation efforts focused on the goals of the Targeted Deployment.

3.1.1 Evaluation Manager

ANL wasresponsible for implementing the evaluation plan and creating a publicly-accessible
information source about the project. As Evaluation Manager, ANL maintained a presence at the
ADVANCE Project Office through the evaluation field testing and supported the following activities:

e TIC operation and configuration control
» Vehicle scheduling and distribution for individual test evaluators
Daily status meeting, including weekly Project Office status meetings
Interactions between TIC operator, evaluator’s test director, and the Project Office during
daily test operations
e Daily test preparation activities, including definition and adherence to test plan
Data collection
e Monitor vehicle reporting during test activities.

ANL designed and maintained a public report database consistent with the desires of the ADVANCE
Project Office and information requirements specified in test plans. ANL also managed and
maintained individual evaluator data accounts and all test and evaluation data was archived to
support evaluator and Project Office requirements.

ANL coordinated and supported the development and distribution of survey instruments. This
included the development and presentation of training materials for the Familiar Drivers Study.
Training materials were prepared to familiarize drivers with MNA capabilities and operational
characteristics. ANL maintained all evaluation test and report schedules, and vehicle utilization
schedule.

3.1.2 Project Office

Project Office staff was composed of IDOT and De Leuw, Cather personnel. In conjunction with
project management tasks, Project Office personnel verified driver credentials, assigned vehicles,
and distributed vehicle data sheets and keys. Hired and volunteer drivers were familiarized with
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standard operating procedures and supported Familiar Driver Study participant notification,
scheduling, and training. Project Office staff maintained an operational fleet and coordinated
unscheduled and scheduled maintenance activities between evauation testing and Project Office
specia needs.

Project Office staff also provided TIC operators who assisted the Evaluation Manager in reading
memory card files and transferring data to Evaluation Manager’'s TIC account. Installed in each
MNA, these memory cards recorded al links traversed by the probe vehicles. TIC operators aso
performed daily and weekly backups on TIC in accordance with standard operating procedures.
Project Office personnel were responsible for authorizing configuration control and system
modification procedures. Recommendations were provided to the Evaluation Manager for all
hardware and software engineering change requests.

3.1.3 Evauators

System evauators, NUTC, UIC/UTC, De Leuw, Cather & Company, and the University of lowa,
conducted data collection in adherence to test plans. Evaluators designed data collection forms and
coordinated database requirements and archiving procedures with Evaluation Manager. Data
analysis progress and data quality control information was coordinated with the Evauation
Manager. Evaluators also provided applicable daily, weekly, interim, draft and final reportsin
accordance with the evaluation schedule.

The Evaluators were responsible for recruiting, hiring, and compensating hired drivers and were
responsible for ensuring, that the appropriate number of hired drivers arrive, with proper
identification, at the Project Office for daily test training.

The Evaluators provided test directors to:

Train drivers on daily test procedures
Provide appropriate logs to drivers, and observers when appropriate, and advise drivers of
applicable protocols with respect to test execution

+ Manage data collection, either in field or at TIC, depending on Evaluator requirements

» Maintain communication between TIC and designated test personnel

« Plan, implement, and coordinate data collection

+ Inform Evaluation Manager and TI1C Operator of daily test procedures, including designated
routes, coordination procedures, etc.
Maintain detailed test event log
Coordinate vehicle replacement or test plan or test scenario deviationsin the event of vehicle
malfunctions and other anomalies.
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3.2 Insights and Achievements Test Plan

The purpose of Insights and Achievements is to develop a summary of lessons learned which could
be applicable to other project deployments and operational tests. It is an attempt to try to answer the
guestions: “If you had to do it over again, what would you do differently? What would you do the
same? What have you learned that you think would be useful to others?’

The various authors have documented what was learned during this project through a series of white
papers. Topics were proposed by the Technical Advisory Committee (TAC) for endorsement by
the Evaluation Manager, Project Manager, FHWA and Steering Committee. Once each specific
topic was approved by the Steering Committee, a detailed plan was developed to enable production
of the each white paper. Once this detailed plan was approved by the Evaluation Manager, the white
paper authors were given approval to commence writing. Draft and final white papers were
presented to the Evaluation Manager and Steering Committee for review and comment.

The ADVANCE Insights and Achievements White Paper Topics are as follows:

Contractual and Management Challenges of the ADVANCE Project

Development of the RF Subsystem for ADVANCE

System Integration Challenges in Developing ADVANCE

Field Data Collection Activities and Experiences in Support of the Formal Evaluation of the

ADVANCE Targeted Deployment

Technical Challengesin Developing ADVANCE

f Edtimating Environmental Effects of a Probe Vehicle-Supplemented Traffic Information
System with Lessons Learned from the ADVANCE Targeted Deployment

g Recruitment of Volunteer Drivers for ADVANCE, Summary of Procedures followed and
Lessons Learned

h. Probes and Detectors. Experiences Gained from the ADVANCE Targeted Deployment

I, Institutional 1ssues

i Implementation of Algorithms for ADVANCE

k. Targeted Deployment

1. Safety<<exact title TDB>>

Ao o

o

Section 4 summarizes the methodology and findings of each paper which are presented, in their
entirety, in their respective Appendix.
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4.0 INSIGHTS AND ACHIEVEMENTS

The methodology and findings of each Insights and Achievements paper are summarized in the
following subsections. Each paper is presented, in entirety, in their respective Appendix.

4.1 Contractual and Management Challenges, 8465a

The ADVANCE Project is a prime example of a public-private partnership. Such partnerships seek
to combine the capabilities and benefits of public agencies and private organizations, both for-profit
and not-for-profit, in advancing their jointly-held and individual objectives. The ADVANCE
Operational Test was, at its inception, proposed to be the largest field test of dynamic route
guidancein the United States. The scope of the test and the public-private nature of ADVANCE was
achallenge to the normal contracting and operating procedures of all participants.

This paper covers the development of the ADVANCE concept as well as the contractual
arrangements used in the project. It providesinsights on the unique nature of ADVANCE and the
methods used to manage the project.

The paper is organized in the following way. First, the origins and background of the project and
the apparent objectives of the participants are reviewed. Next, the negotiation of participation and
agreement issues is discussed. Findly, the paper describes a number of the unique institutional
arrangements and outcomes. Cost sharing issues, for example, were resolved by establishing a more
comprehensive accounting system. Issues such as project management methods, intellectual
property rights, and liability are also addressed.

The scope of the test and the public-private nature of ADVANCE was a challenge to the normal
contracting and operating procedures of all participants.

4.2 Development of the RF Subsystem, 8465b

The development of the RF subsystem for ADVANCE met the challenges of matching existing

communications technology with new concepts from the ITS arena. The RF communications
system provided the capability for data transfers between the probe vehicles and the TIC. The
inbound direction to the TIC consisted primarily of travel time reports. The outbound direction
primarily supported TIC informational broadcasts to all probe vehicles of updated link travel times.
This report documents the development of the ADVANCE RF subsystem, the aternatives and
subsequent challenges encountered, and the lessons learned.
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On the surface, providing two-way wireless communications between mobile users and the Traffic
Information Center (TIC) meant that a variety of options could be used. The intent to focus on
proven technology narrowed the field, however new approaches within the ITS world were aso
explored. Once the desired option was selected, the chalenges lying within it presented
unanticipated problems that needed reasonable solutions for all related subtasks to proceed. The
results are expected to offer valuable insight to future developers of RF communications for ITS
applications.

The experiences of the RF communications system development for ADVANCE proved very
valuable. Defining factors include the RF spectrum, available technology, messaging structure, and
related hardware. It may be necessary that future systems support an iterative process, as happened
in ADVANCE, where hardware and the RF spectrum are continuously re-evaluated to zero in on a
suitable RF transmission product that works within an available band. Furthermore, the desire for
high speed data radio transmission cannot ignore the capability of the terminal equipment and its
applications. Careful coordination is required between communications and applications to ensure
the terminal equipment will accommodate a high data rate. Finally, market potential for the
technology and the product is critical to successful deployment and consumer acceptance. The
partnership between public and private enterprise has to meet varying goals, profitability being a
key factor for private enterprise. A functional, successful implementation must consider the ability
of the consumer to afford this technology.

In their present states, the 19.2 kbps RD-LAP system and the 64 kbps MIRS system most likely
would be successful today for alarge scale deployment, replacing the 4800 bps system used in this
project.

4.3  System Integration Challenges, 846%

This paper focuses on the integration aspects of the ADVANCE system. Relevant system integration
issues and challenges were captured from project meeting minutes, memos, discussions with
ADVANCE personnel and author recollections. The findings have been separated into five
categories. General, MNA, TIC, TRF, and COM.

The majority of the findings relate to the concept of how the system integration team was able to
increase communication between the system, subsystem and component designers, developers and
integrators. Also, discussed is the importance of communication within each organization and the
need to remain open and accessible with respect to transfers of information. The findings also show
the need for thorough documentation to be developed at each stage of the project. To ease the
burden on the integration process, the use of releases is a very effective concept. However, in order
for it to work properly, it must remain on schedule. The findings relate the difficulties in managing
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subsystems at different release levels and the need for thorough testing by designers and developers
prior to releasing subsystems to integrators. The system integration testing team was challenged

with managing the different subsystem releases and their respective sets of requirements and
capabilities.

In summary, the recommendations for future smilar systems are:

Provide a means for effective communication between designers, developers and integrators.
Monitor the communication and provide meansto allow for feedback.

. Require thorough documentation at all stages of the Project.

e Perform system integration testing for each release. Avoid, if possible, testing mixed
releases.
Pretesting of subsystems and components before integration testing is essential.
Toolsto aid integration testing should be designed as part of the overall system design.

Deficiencies uncovered during testing should be tracked to ensure proper and timely
resolution.

4.4 Field Data Collection Activities, 8465d

This paper documents how the evaluators and other parties integrally involved with the ADVANCE
Targeted Deployment implemented and maintained an evaluation data collection effort consistent
with plan specifications, despite encountering numerous obstacles during the testing period.

Operational challenges were encountered (and overcome) in attempting to meet critical test
requirements, including:

e Availability and deployment of paid drivers.
. Availahility of project vehicles.
Route and staging area specifications.
Real-time data retrieval tracking.
Provision for unusual occurrences.
. Data capture and archiving.
e Survey sampling adequacy.

Key findings in meeting these challenges were:
Hiring of paid drivers for specific tests should be done based on conduct of an interview no

|ater than afew weeks before the start of thetest. Other means of recruitment evaluation are
likely to prove less satisfactory.
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4.5

The pre-test agreement signed by “volunteer” drivers should provide for an explicit reward
for timely completion of or penalty for non-response to survey instruments; otherwise, it is
almost certain that the post-test survey response rate will fall short of 100 percent of target.

Insurance coverage should be given the highest priority for resolution before field testing
protocols and schedules arefinalized. In particular, persons hired for temporary driving jobs
need to be provided with specific insurance coverage to limit their risks.

If vehicle staging areas in residential areas are used, it is not likely that al potential
objections from neighboring,residents can be anticipated and allayed in advance.
Nevertheless, prior clearance with local law enforcement and directly-affected institutions
(school, shopping areas) is essential for both logistical and diplomatic purposes.

Written logs should be maintained to document unusual events during tests: paper trails are
vital to attempting after-the-fact diagnoses of operational problems that resulted in lost or
corrupted data. Where electronic data collection is used, a backup automatic data retrieval
system should be in place for al critical field testing.

Technical Challenges, 8465e

In developing ADVANCE, many lessons were learned and chalenges overcome. This report
documents the technical challenges that were faced and the lessons learned that could be used by
others that are planning to develop similar systems.

Key findings of the report include the following:

Retrofitting of a display unit near the driver in a safe location is difficult due to airbag
deployment zones.

The design of similar systems should be a*bottoms up” approach wherein functionality is
added as the capacity of the hardware and the project schedule are defined.

The technologies used for the in-vehicle unit, although well developed, need further
refinement to ensure performance under al climatic conditions.

When testing the in-vehicle unit, it was found very helpful to have diagnostic tools which
captured incoming and outgoing data streams.
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The lack of availability of proprietary information for the in-vehicle unit affected the ability
of the system integrators to fully test the system and also Slowed the integration process.

e Rapid prototyping of similar systems to obtain user feedback on the TIC interface during the
design process is recommended.

e Where adeveloper does not write hissher own code, it should be a requirement that they
check the code with the coder after it is written to ensure the design has been interpreted
correctly.

Despite the challenges noted above and the lessons learned, it is important to note that a fully
functioning dynamic in-vehicle navigation system was successfully developed and deployed.

4.6 Estimating Environmental Effects, 8465f

This paper isintended to link some of the specific test experiences with the existing literature on ITS
effects and thereby draw inferences about how driver behavior and response under an ADVANCE
type of ATIS deployment would affect the vehicular emission results of such deployment and, by
extension, of other ATIS concepts.

Findings are as follows:

1) Results of tests involving drivers familiar with the ADVANCE network suggest that drivers with
good network knowledge and no constraints on the use of local streets often believed they could
find faster routes than those offered by the ADVANCE system. Thisin turn suggests that it may
be possible to generate more net time savings if route planning,constraints are relaxed and the
number of candidate routing links thus increased.

2) It appearsthat no driver would completely relinquish navigational control to area-time ATIS
navigation capability so long as known limitations or impairments of network dataremain in the
navigation data base. Policy considerations at the present time preclude the removal of al such
limitations, and this minimizes the extent to which any emission benefit of this ATIS concept
can be measured or attributed.

3) Nothing revealed by the ADVANCE field tests refutes the conclusion appearing in ATIS research
literature that, during periods of recurring congestion, those who experience the highest costs
from congestion will have found ways to alter their routes or timing, and those who are more
willing to bear congestion costs will stay on congested roads. The ADVANCE user population
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could not be reliably separated into these two groups, so no inference can be offered about the
likely broader driver population split between congestion rejecters and congestion acceptors.

4) Reliable real-time information during periods of nonrecurring congestion, the provision of
which is akey component of ADVANCE and similar ATIS deployments, appears to possess a
high implicit value for virtually all drivers.

5) It follows that, in order to maximize the probability that real congestion reduction and emissions
improvement will result from an ATIS deployment, the system should have the following
features:.

a) accurate information on link traffic conditions available with the shortest possible delay in
communicating it to ATIS users;

b) an accurate, reliable route planner with few if any limitations on link/route combinations;
and

€) a convincing, argument to the would-be purchaser of ATIS services that real, measurable
benefits will accrue to him/her.

The road network in which this system is to operate should have alternative route options that

are faster and not too much longer (significantly greater length can mean higher emissions) than

the origina route of choice, and which generally have excess capacity (mitigating the problem

of diverted congestion).

6) Another way of stating point 5¢ (above) is that the gap between system potential and actual
system performance must be closed before the confidence of prospective ATIS users can be won
sufficiently to make them acquire the system and act consistently on ATIS guidance.

4.7 Recruitment of Volunteer Drivers, 84659

The ADVANCE Project originaly planned to engage 3,000-5,000 households in the “Familiar
Driver” test of its in-vehicle dynamic route guidance system. The ADVANCE Targeted Deployment
ultimately involved only 80 households and 127 drivers in the Familiar Driver test. These drivers
were recruited using a reduced version of a process originaly designed for the full-scale
deployment. This paper provides an overview of ADVANCE recruitment procedures, their
development and implementation. It is based on the series of technical documents produced in the
design of recruitment procedures, screening, instruments, participation agreements, as well as the
experience and perspectives of some of the key actorsin the ADVANCE recruitment process.

The lessons learned from this experience may be helpful to others engaged in the recruitment of
volunteers to test new ITS technologies. Those lessons include the following:
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Recruitability studies usin, focus groups and surveys were useful in the design of
experimental conditions and driver participation agreements.

Free publicity in various forms was sufficient for attracting over four hundred applicants for
the ADVANCE Targeted Deployment. A larger field test would almost certainly demand a
specific solicitation effort, probably involving advertising, either paid or free.

A substantial amount of free advertising could probably have been secured if required.

More aggressive solicitation might have been required to include under-represented groups
(e.g., women and older drivers).

Evidence from the Targeted Deployment of ADVANCE suggests that application forms can
be effective for screening drivers to meet specific criteria

Cooperation from the Illinois Secretary of State’s office made it possible to check the driving
record of ADVANCE applicants to screen out drivers with poor records.

That only 4% of otherwise-eligible drivers were rejected because of poor driving records
suggests that application forms and publicity about the project led to self-screening, so that
those obviously ineligible did not submit applications. It isalso possible that the screening
criteriawere not so stringent as to exclude many drivers.

By balancing concern for ADVANCE Party liability against the interests of volunteer drivers,
afair and understandable driver participation agreement was crafted.

Volunteer drivers were willing to accept reasonable responsibility for the in-vehicle
equipment and, in the case of the ADVANCE Targeted Deployment, for the vehicles
themselves.

Personalized, hands-on driver training in the test vehicles quickly prepared volunteers for
safe and efficient use of the ADVANCE system.

An efficient and responsive computer database for contact management is essential for a
field test involving large numbers of volunteer drivers.

. Designing and overseeing the recruitment process through a group representing all

participating parties in the field test may be cumbersome but is essential to accommodate
all important interestsin and constraints on the recruitment process.
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e Implementing the recruitment process with a knowledgeable and efficient single-point-of-
contact agency may serve the volunteers well and preserve the resources of the technical
staff.

e Critical details, such as dealing with leased vehicles, implications for and requirements on
drivers insurance, use of vehicles by persons other than those signing participation
agreements, etc., can take substantial time to negotiate but may become important in large
experiments using volunteer drivers.

4.8 Probes and Detectors, 8465h

This paper presents key aspects of probes and detectors that the authors have learned through their
participation in the design and evaluation phase of ADVANCE. Some of the early decisions made
during ADVANCE design are revisited. For example, one such decision was to use default travel
time estimates called static profiles. These estimates would be replaced by dynamic estimates only
when the latter differed substantially from the former. This decision, which was made originally
on the basis of RF capacity constraints, was controversial. However, it is clear now that this would
have been a sound concept even if the was no RF capacity constraint. This experience also
substantiates the great importance of static estimates as an initia basis for real-time systems.

Properties of probe observations that were learned through analysis are also discussed. The quality
of travel time reports provided by probes was generaly very accurate. Probe reports are not
statistically independent. This implies that the simple statistical formulae often used in traffic
engineering need to be reexamined because they are based on independence of observations.
Another implication is that there is a severe diminishing marginal return in quality with respect to
the level of deployment. This implies that not much improvement in quality of estimates will occur
as the level of deployment rises. In other words, a very high level of market penetration is not
needed for a probe based system to be effective. Finaly, any procedure which uses probe
information needs to recognize the inherent stochasticity of such information.

The experiences of the authors in attempting to convert detector information into travel time
estimates is also addressed. Detectors were found to be fairly effective under low and moderate
congestion. Detectors were not found to be of much value in high congestion situations unless the
deployment of detectorsisincreased. A brief comparison of probes and detectorsis also presented
in this paper.
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49 Institutional 1ssues, 8465i

This paper emphasizes specific institutional issues encountered and resolved in the performance of
the ADVANCE operational test. The major institutional issues for ADVANCE related to the

progression of an ITS technological development effort from concept to reality. These major issues
include:

L eadership changes that occurred among the ADVANCE Parties during the project.
e Thededicaterolethat the Project Manager was placed in.

Continuous involvement of legal and financial staffs from each of the Parties.

Concerns about financial liability resulting from operation of the ADVANCE flest.
Procedures for fleet operation issues.

Developing and executing comprehensive driver participation agreements.

Providing sufficient information regarding project specifics to each driver.

Providing adequate assistance for malfunctioning vehicles or navigationa equipment.
Establishing adequate procedures to resolve procurement/audit issues with private sector
participants.

At times, the institutional issues encountered in ADVANCE caused minor delays in the Project
because they caused uncertainty in completing administrative responsibilities according to schedule.
However, despite these obstacles, the Parties made the commitment to work together to satisfactorily
complete the goal's and objectives established for the Project. Equally important, the institutional
issuesidentified and resolved in ADVANCE will serve as valuable lessons for future I TS projects.

410 Implementation of Algorithms, 8465j

Development and implementation of new traffic analysis algorithms in a real world application
environment with afixed time schedul e requires coordination and collaboration among algorithm
developers, implementation programmers, developers and installers of the technology to be used for
data collection and communication and the operators of the implemented system. Effective
management of this process requires a carefully structured work program which includes adequate
time for completion of all required tasks and which recognizes interdependencies among tasks. This
work program must be flexible enough to respond to changes inherent in the development of
technology or algorithms.

A further issue in the development, estimation, validation and refinement of algorithms is the
availability of data to support these activities. Such data are required early in the algorithm
development process. If such data are not available from field data collection, simulation data can
be used to support initia development. However, field data are required for fina validation and
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refinement. If the collection of such data requires use of the implementation system, asin. the case
of ADVANCE, the order of development of system components should include provisions for such
data collection after the implementation of all operational systems, at least on a prototype basis, and
time to use such data for algorithm validation and refinement before final implementation.

This paper describes the procedures undertaken to maintain coordination among developers,
program implementors and operators and describes implementation problems which arose and their
treatment. It also describes the use of simulation data for initial development and highlights the
importance of field data for fina refinement and validation.

4.11 Targeted Deployment, 8465k

The purpose of this report is to document the development process and experience of the ADVANCE
project, in particular as relates to ultimate deployment of this operational field test. This paper
examines the issues and options considered in the decision to redirect the originally planned
deployment of 3,000 in-vehicle dynamic route guidance systems to a deployment of less than 100
units.

After analysis of current conditions, it was agreed that a significant portion of the origina goals and
objectives could be met under a Targeted Deployment. 1t was decided that a Targeted Deployment
would best serve the needs of the project partners and the ITS industry as a whole. This option
allowed for limited testing of an in-vehicle dynamic route guidance system at a significantly lower
budget. It expedited the sharing of state-of-the-practice results associated with the operational test.

Several very important conclusions and recommendations result from this review of Targeted
Deployment issues encountered during ADVANCE. These recommendations for future ITS projects
include the following:

ADVANCE was able to achieve its basic goals at significant savingsin time and money
by adopting the Targeted Deployment strategy.

All project management and Steering Committees should remain vigilant for changed
conditions from those in existence at the inception of any large scale, long term field
test.

Redirection of efforts may well have an overall benefit, even though specific targets of
development are temporarily abandoned for pursuance by future projects.

Expediting the dissemination of current findings to other developers nationwide may
be more valuable than delaying,this information sharing until a more conclusive
evaluation is achieved / accomplished.
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The ADVANCE success in achieving almost every one of its original goals and the wealth of data
collected in this more limited effort are enumerated.

412 Safety, 84651

This paper addresses issues related to collecting and analyzing data which are used to draw
conclusions related to the relative safety of the ADVANCE MNA device. The chief method of

evaluating driver safety in this study utilized ahazard analysistechnique. Thistechniqueisvaluable
when applied to situations where the amount of testing time available is not sufficient to reliably
identify relatively low frequency events such as automobile accidents. Surrogates to safety such as
driver errors and near misses are identified and used to make estimations of the relative frequency,
and potential severity, of accidents that might occur with large exposure deployment. The paper
provides insights into the following:

» How driving performance, driving safety and driver’s perceptions of safety vary as a
function of driver age, driver experience with the MNA and the method of navigation
(paper map, typed list, MNA with voice, MNA without voice.)

» Video data gathering and the processes required to trandate the video data into digital
format. Four camera views were multiplexed during all 240 test drives (60 subjects x
4 scenarios).

+ Digital gathering and the merging of video and digital data. Digital data includes
multiplane accelerometer data, steering wheel, brake pedal and accelerator pedal
potentiometer data, speedometer data and laser rangefinder headway data.

» Data management practices including storage, backup, transfer and archiving.

» Blind data analysis techniques used to minimize subjectivity in video analysis. Processes
which will improve the inter-evaluator reliability rates.

« Consistencies and inconsistencies between this and similar studies (TravTek Camera
Car, June 1995).

» Evaluation of safety under limited system capabilities. The real-time traffic updating
function and the differential GPS function were not in operation during the Safety Study
data collection.

+ Theuse of driver error and near-miss data as a surrogate for accident data in anaysis of
safety.

+ Synergy, and lack thereof, between the Safety Study effort and other ADVANCE
evaluations.
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50 CONCLUSION
51 Overall Findings

Issues of technology, liability, intellectual and property rights, project management styles, and
desired project outcomes routinely arose and were resolved during the ADVANCE Project. There

were many lessons from the ADVANCE operationa test. The primary lesson learned was the

importance of a continuing, honest appraisal by the Parties involved in the Project of the viability
of the operational test. Successful entities are constantly monitoring market conditions, technology,
and opportunities to gauge project and product viability. ADVANCE was successful in following

a similar course in reviewing and updating its direction based on changing conditions. The
interaction among the Parties in reviewing options as the Project proceeded was a model for future
efforts. Other key points are listed as follows:

» The scope of the test and the public-private nature of ADVANCE was a challenge to the
normal contracting and operating procedures of all participants.

» The development of the RF subsystem for ADVANCE met the challenges of matching
existing communications technology with new concepts from the ITS arena.

»  Communication within each organization and the need to remain open and accessible
with respect to transfers of information between organizations is of extreme importance.

« To ease the burden on the integration process, the use of releases is a very effective
concept. However, in order for it to function properly, work must remain on schedule.

+ Evauators and other parties integrally involved with the ADVANCE Targeted
Deployment implemented and maintained an evaluation data collection effort consistent
with plan specifications, despite encounterin, numerous obstacles during the testing
period.

« The design of future systems should be a “bottoms up” approach wherein functionality
is added as the capacity of the hardware and the project schedul e are defined.

» Rapid prototyping of future systems to obtain user feedback on the TIC interface during
the design process is recommended.

« The gap between potential and actual system performance must be closed before the
confidence of prospective ATIS users can be won sufficiently to make them acquire the
system and act consistently on ATIS guidance.

« Thetravel time reports provided by probes were generally very accurate.

« Thedensity of probes need not be very high for a probe based system to be effective.

+ Detectors are fairly effective under low and moderate congestion, but are not of much
value in high congestion situations unless the deployment of detectors is increased.
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The institutional issues encountered in ADVANCE caused minor delays in the Project

because they caused uncertainty in completing administrative responsibilities according
to schedule.

Development and implementation of new traffic analysis algorithms in a real world
application environment with a fixed time schedule requires coordination and
collaboration among algorithm developers, implementation programmers, developers
and installers of the technology to be used for data collection and communication, and
the operators of the implemented system.

All project management and Steering Committees should remain vigilant for changed
conditions from those in existence at the inception of any large scale, long term field
test.

Redirection of efforts may well have an overall benefit, even though specific targets of
development are temporarily abandoned for pursuance by future projects.

Expediting the dissemination of current findings to other developers nationwide may
be more valuable than delaying this information sharing until a more conclusive
evaluation is achieved / accomplished.

The ADVANCE success in achieving most of its origina goals and the wealth of data

collected in this more limited effort are enumerated as a testament to the decision to
implement the Targeted Deployment.

The dynamic route guidance concept, which was central to ADVANCE was tested, the infrastructure
developed was transitioned to support a broader range of ITS deployments, and the multi-state
corridor activities were supported and given a more central focus. The public and private
participants in ADVANCE were provided with significant new information to continue their ITS

deployment pursuits. Participants have agreed that the overal experience was chalenging and
productive: a positive as well as a pioneering, example of public/private partnerships to develop
state-of-the-art transportation systems.

5.2 Future Directions

With Targeted Deployment of ADVANCE dynamic guidance equipped vehicles came the realization
that the Traffic Information Center was a resource which is the heart of information sharing efforts.
The Traffic Information Center was the data gathering and processing hub of ADVANCE and the
wide variety of data sources which were part of ADVANCE continued to be available after the
dynamic guidance tests were completed. With the Gary-Chicago-Milwaukee Priority Corridor
Initiative solidly underway by the end of 1995, the continued development of the TIC resource as
a prototype for a three-state corridor transportation information center became extremely beneficial.
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Although efforts to integrate information sources had always been envisioned in ADVANCE, the
Targeted Deployment provided a significant opportunity to transition to the Corridor Transportation
Information Center. In the period beginning January 1996, the ADVANCE Corridor Transportation
Information Center (C-TIC) was developed to handle not only the ADVANCE database but also real-
time travel information from a broad multi-state spectrum of interests. The development was done
in coordination with the Gary-Chicago-Milwaukee Priority Corridor initiative and includes an
advisory committee with a multi-state and multi-modal constituency.

The ADVANCE Corridor Transportation Information Center is expanding beyond the ADVANCE

test area to include expressways and major arterials throughout the Gary-Chicago-Milwaukee
Corridor. This Corridor Transportation Information Center includes, an electronic linkage to share
information from the SSI weather information system, the Illinois DOT Traffic Systems Center, the
Wisconsin MONITOR System, the Illinois DOT Communications Center, Northwest Central
Dispatch, cellular *999, selected closed loop traffic signal systems and the prototype Illinois State
Toll Highway Authority Electronic Toll Collection (ETC) system. An initial geographic area
including Cook, Lake and DuPage counties has been expanded to include other states or regions as
the systems become more mature. Transit information, beginning with incidents and delays, will

also be provided. The prototype center is envisioned to be operational late in 1996. Expansion to
include information from Indiana s Borman Expressway initiative will follow, along with expansion
to a broader set of public and private sector participants. The practical architecture is now being
demonstrated and a full deployment scenario is bein) reviewed under the GCM Multi-Modal
Traveler Information System effort.

The vision for the Corridor Transportation Information Center provides a system which could be
accessed by a wide variety of transportation and communication interests who would share
information in common formats and provide operations and safety information. Initially travel time
information on selected links, construction and maintenance lane closures, and anecdotal reports of
incidents will be provided on the Internet. It is anticipated that expressway travel times, lane
closures and incident reports will be handled electronically by the end of 1996.

The C-TIC isin the process of being further developed in accordance with the national architecture
recommendations into a fully functional corridor-wide program. The prime data providers into the
system are the transportation and enforcement agencies who have responsibility for the Gary-
Chicago-Milwaukee area systems. With the planned implementation, the prime beneficiaries would
be the af orementioned providers plus the public who will then have access to the improved traffic
and trangit information. Radio and TV would also be given access. The information would be
available to ITS developers and users to support not only in-vehicle guidance, but aso a wide range
of information concepts including personalized trip planning, providing transportation advisories
through personal communication devices and general distribution through mechanisms such as
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kiosks and television. The C-TIC is providing significant opportunities for testing and enhancing
national architecture and protocol efforts. The GCM Corridor Coalition has recently indicated that
it will work with Oak Ridge National Laboratory to test the ITS Datum and L ocation Referencing
Message Specifications. Thiswork will serve as anational test of the ability to combine location

specific information from awide variety of geographic referencing databases. The corridor has also
adopted the National Transportation Communication and Information Protocol (NTCIP).
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CONTRACTUAL AND MANAGEMENT
CHALLENGES OF THE ADVANCE PROJECT

EXECUTIVE SUMMARY

The ADVANCE Project is a prime example of a public-private partnership. Such partnerships seek
to combine the capabilities and benefits of public agencies and private organizations, both for-profit
and not-for-profit, in advancing their jointly-held and individual objectives. The ADVANCE
Operational T